We present a new model of the blazar gamma-ray luminosity function (GLF) and the spectrum of the extragalactic gamma-ray background (EGRB), which is consistent with the observed distributions of EGRET blazars. The unified sequence of blazar spectral energy distribution (SED) is taken into account to make a nontrivial prediction for the EGRB spectrum and more realistic comparison with the data than previous studies. We then try to explain the EGRB data by the two AGN populations: one is blazars, and the other is non-blazar AGNs that are responsible for the EGRB in the MeV band. We find that ∼80% of the EGRB photon flux at > 100 MeV can be explained by the sum of the two populations, while ∼45 % can be accounted for only by blazars. The predicted EGRB spectrum is in agreement with a wide range of the observed data from X-ray to GeV, within the systematic uncertainties in the EGRB determination by EGRET. These results indicate that AGNs including blazars are the primary source of EGRB. Blazars are dominant in EGRB at higher energy bands of 100 MeV, while non-blazar AGNs dominate at 100 MeV. Almost all of the EGRB flux from blazars will be resolved into discrete sources by the Fermi Gamma-ray Space Telescope, while that from nonblazar AGNs will largely remain unresolved. Therefore, comparison between the integrated source counts and diffuse EGRB flux as a function of photon energy will give a simple and clear test of our model. Various quantitative predictions for Fermi observations are also made. Especially, our model predicts 600-1200 blazars in all sky down to 2 × 10 −9 photons cm −2 s −1 (>100 MeV), which is considerably smaller than most of previous studies. We find that the fraction of EGRB energy flux absorbed in intergalactic medium (IGM) is not large, and the cascade component reprocessed in IGM does not significantly alter the EGRB spectrum.
1. INTRODUCTION The origin of the extragalactic diffuse gamma-ray background (EGRB) has been discussed in astrophysics for a long time. EGRB was first discovered by the SAS 2 satellite (Fichtel, Simpson, & Thompson 1978; Thompson & Fichtel 1982) . Subsequently, the EGRB spectrum was confirmed up to ∼ 50 GeV by EGRET (Energetic Gamma-Ray Experiment Telescope) on board the Compton Gamma Ray Observatory. The EGRB flux is about 1× 10 −5 photons cm −2 s −1 sr −1 above 100 MeV and the spectrum is approximately a power law with a photon index of ∼ −2 in a wide range of ∼30 MeV -100 GeV (Sreekumar et al. 1998; Strong, Moskalenko, & Reimer 2004a) . It should be noted that, however, measurement of EGRB is not an easy task. The Galactic diffuse background from cosmic-ray interaction in the Galactic disk is a strong foreground emission and must be subtracted to estimate EGRB. Therefore modeling of this foreground component could induce significant systematic uncertainties in EGRB measurements (Keshet, Waxman, & Loeb 2004; Strong, Moskalenko, & Reimer 2004a,b; Kamae, Abe, & Koi 2005; Kamae et al. 2006) . A possible systematic error in the calibration of the EGRET detector may also have affected the EGRB determination (Stecker et al. 2008) .
Although several sources of gamma-rays (e.g., clusters of galaxies or dark matter annihilation) have been proposed as a significant contributor to EGRB [see, e.g., Narumoto & Totani (2006) and references therein], active galactic nuclei (AGNs) of the blazar class have been thought as the primary candidate for the origin of EGRB, since almost all of the extragalactic gamma-ray sources detected by EGRET are blazars. The Electronic address: yinoue@kusastro.kyoto-u.ac.jp blazar contribution to EGRB has been estimated by a number of papers (Padovani et al. 1993; Stecker, Salamon, & Malkan 1993; Salamon & Stecker 1994; Chiang et al. 1995; Stecker & Salamon 1996; Chiang & Mukherjee 1998; Mukherjee & Chiang 1999; Mücke & Pohl 2000; Narumoto & Totani 2006; Giommi et al. 2006; Dermer 2007; Pavlidou & Venters 2008; Kneiske & Mannheim 2008; Bhattacharya et al. 2008) . These previous studies have derived different results by different approaches about the contribution of blazars to EGRB, ranging from 20% to 100 %. A brief summary of these studies and comparison with our new result will be presented in §7.1. In our previous study (Narumoto & Totani 2006 , hereafter NT06), we constructed a gamma-ray luminosity function (GLF) model based on the picture of luminositydependent density evolution (LDDE), which has been known to describe well the evolution of X-ray luminosity function (XLF) of AGNs. NT06 found that the LDDE model fits to the EGRET blazar data better than the pure-luminosity-evolution (PLE) models employed in most of the previous studies. It is then found that only 25-50% of EGRB can be explained by blazars, with the GLF model parameters that are consistent with the EGRET blazar data (flux and redshift distributions).
In most of past studies including NT06, however, blazar spectral energy distributions (SEDs) were assumed to be a single or broken power-law for all blazars. In such a modeling, the predicted EGRB spectrum is almost obviously determined by the assumed power-law indices. Blazar SED has been theoretically and observationally studied in detail (Ghisellini & Tavecchio 2008b, and references therein) . From the theoretical point of view, blazar emission is widely believed to be the sum of the synchrotron (radio to UV bands) and inverse Compton (dominant in gamma-ray bands) compo-nents produced by the same nonthermal electron population accelerated in relativistic jets. The source of target photons for the inverse-Compton (IC) component could be either the synchrotron photons produced in the jet itself (synchrotronself-Compton, SSC), or photons emitted from the accretion disk (external Compton, EC). Multi-wavelength observational studies from radio to γ-ray bands have indicated an interesting feature in blazar SEDs; the synchrotron and Compton peak photon energies decrease as the bolometric luminosity increases (Fossati et al. 1997 Ghisellini et al. 1998 , Donato et al. 2001 , Ghisellini & Tavecchio 2008b , Maraschi et al. 2008 . This is often called as the blazar SED sequence. Although the validity of the blazar sequence is currently still a matter of debate (e.g., Padovani et al. 2007; Ghisellini & Tavecchio 2008b; Maraschi et al. 2008) , one can make a non-trivial prediction of the EGRB spectrum if this blazar sequence is assumed. In other words, the blazar SED sequence can be tested by comparing with the observed EGRB spectrum.
In this paper we calculate the EGRB flux and spectrum from blazars, by constructing a blazar GLF model that is consistent with the flux and redshift distributions of the EGRET blazars, based on the LDDE scheme and the blazar SED sequence. By introducing the blazar SED sequence, we can make a reasonable and non-trivial prediction of the EGRB spectrum for the first time, which can be compared with the observed EGRB spectrum.
Recently, Inoue, Totani, & Ueda (2008) has showed that EGRB in the MeV band can naturally be explained by normal (i.e., non-blazar) AGNs that compose the cosmic X-ray background. This MeV background component extends to ∼ 100 MeV with a photon index of about 2.8, by the Comptonization photons produced by nonthermal electrons in hot coronae. Therefore, it should also contribute to the EGRB at 1 GeV. We will investigate how much fraction of the observed EGRB can be explained by the sum of the two components, i.e., non-blazar AGNs (dominant at 100 MeV) and blazars (dominant at 100 MeV).
We will then make quantitative predictions for the Fermi Gamma-ray Space Telescope (Atwood et al. 2009 ; formerly known as GLAST) that has successfully been launched on June 11th, 2008, so that our model can be tested quantitatively by the observational data coming in the very near future 1 . This paper is organized as follows. In §2, we will present the treatment of the blazar SED sequence in our calculation. We will describe the formulations for the blazar GLF model taking into account the SED sequence in §3, and the GLF parameter determination by fitting to the EGRET data in §4. The EGRB will be calculated and compared with the observed data in §5, and we will present predictions for Fermi in §6. Discussions on a few issues will be given in §7, including a comparison of our results with those in previous studies. Conclusions will then be given in §8. Throughout this paper, we adopt the standard cosmological parameters of (h, Ω M , Ω Λ )=(0.7,0.3,0.7).
THE BLAZAR POPULATION AND THE SED SEQUENCE
Blazars are defined as the combined class of the two populations of AGNs: BL Lac objects and flat spectrum radio quasars (FSRQs) (Urry & Padovani 1995) 2 . BL Lacs are defined as AGNs whose nuclear non-thermal continuum emission is so strong that the rest-frame equivalent width (EW) of the strongest optical emission line is narrower than 5 Å. Such domination of continuum is interpreted as the jet being directed towards the observer; the continuum from jet is extremely enhanced by the relativistic beaming compared with more isotropic line emission from the regions around accretion disks. FSRQs are AGNs with emission line EW greater than 5 Å, but whose spectral index in radio band is less than α r < 0.5, where α r is defined by f ν ∝ ν −αr (see Urry & Padovani 1995 for detailed reviews). Although FSRQs show discernible emission lines, the flat radio spectrum is also an evidence of the dominating jet component. In fact FSRQs show similar properties to BL Lacs, such as rapid time variability and strong polarization. These properties indicate that BL Lacs and FSRQs are physically similar populations, and hence they are often combined into a single class of blazars. The parameter that discriminates BL Lacs and FSRQs is likely to be the luminosity; generally FSRQs have larger luminosities than BL Lacs 3 . In this paper we also treat the BL Lacs and FSRQs as the single population of blazars 4 . Fossati et al. (1997 Fossati et al. ( , 1998 and Donato et al. (2001, hereafter D01) constructed an empirical blazar SED model to describe the SED sequence, based on fittings to observed SEDs from radio to γ-ray bands. These models are comprised of the two components (synchrotron and IC), and each of the two is described by a linear curve at low photon energies and a parabolic curve at high energies, in the plane of log 10 (νL ν ) and log 10 ν.
Here we construct our own SED sequence model mainly based on the SED model of D01, because there is a mathematical discontinuity in the original D01 model. In the D01 model, two different mathematical fitting formulae are used below and above the luminosity νL ν = 10 43 erg s −1 at 5 GHz, and the luminosity of the inverse-Compton component suddenly changes with a jump at this critical luminosity. Our own SED sequence formula is described in Appendix in detail, and the discontinuity is avoided there. Once the blazar luminosity is specified at a reference frequency (e.g., 5 GHz in radio band), this empirical model gives the full blazar SED from radio to gamma-ray bands. In Fig.1 we show this empirical blazar SED sequence model in comparison with the observed SED data D01) . It should be noted that the observed data are means of many blazars in a certain luminosity range, and there may be scatter of individual blazar SEDs from the sequence. When the bolometric blazar luminosity P ≡ νL ν is specified, the blazar luminosity per unit frequency, L ν (ν, P), is determined for any photon frequency ν by the blazar sequence model. Fossati et al. (1998) and D01. The solid curves are the empirical SED sequence models constructed and used in this paper. The model curves corresponds to the bolometric luminosities of log 10 (P/erg s −1 ) = 49. 50, 48.64, 47.67, 46.37, and 45.99 (from top to bottom).
ters, L ν is defined as the isotropic-equivalent luminosity and hence the observed energy flux per unit frequency is given by
, where z is redshift and d L is the standard luminosity distance.
THE MODEL OF GAMMA-RAY LUMINOSITY FUNCTION OF BLAZARS

Relating Jet Power and X-ray Luminosity of AGNs
The cosmological evolution of X-ray luminosity function of AGNs has been investigated intensively [Ueda et al. 2003 (hereafter U03); Hasinger, Miyaji, & Schmidt 2005 (hereafter H05) ; Sazonov et al. 2007; Gilli, Comastri, & Hasinger 2007] . These studies revealed that AGN XLF is well described by the LDDE model, in which peak redshift of density evolution increases with AGN luminosity. Here we construct two models of blazar GLF based on the two XLFs derived by U03 (in hard X-ray band) and H05 (in soft X-ray band), both of which are based on the LDDE scheme. The use of LDDE in blazar GLF has been supported from the EGRET blazar data, because NT06 found that the EGRET data agrees with the LDDE model better than PLE models. However, the validity of this assumption from a theoretical viewpoint should also be examined.
It is known that radio jet emission is linked to the dissipation process in the accretion disk Merloni et al. 2003; Falcke et al. 2004; Körding et al.2006) . Therefore, it is natural to expect that power of blazar jet is correlated with mass accretion rate onto super massive black holes, which is also correlated with the X-ray luminosity from accretion disk. Therefore we simply assume that the bolometric luminosity of radiation from jet, P, is proportional to disk X-ray luminosity, L X . It should be noted that L X is not the observed X-ray luminosity of a blazar having a jet luminosity P; when an AGN is observed as a blazar (i.e., the jet directed to an observer), its X-ray flux is dominated by the radiation from the jet that is much brighter than that from the accretion disk. Rather, L X is the luminosity that would be observed from a direction different from the jet.
A constant P/L X ratio is realized when, e.g., the jet kinetic luminosity (P k ) is efficiently dissipated into blazar bolometric luminosity (P), and both P k and L X are proportional to the mass accretion rate (ṁ). One should, however, be careful about the latter condition. Recent observations of X-ray binaries indicate that P k is generally proportional toṁ, but L X is not, when the accretion rate is much lower than the Eddington limit (i.e., low Eddington ratio) (Gallo et al. 2003; Gallo et al. 2005) . Such accretion disks are described by radiatively inefficient accretion flows (RIAF) rather than the standard accretion disk, and L X is roughly proportional toṁ 2 in the RIAF regime (Kato et al. 1998; Narayan & Quataert 2005) . The RIAF picture is well consistent also with the accretion flow onto the supermassive black hole of the Galaxy (i.e., Sgr A * ) (see, e.g., Totani 2006 and references therein).
Accretion rates of X-ray bright AGNs used to derive the AGN XLF are generally close to the Eddington limit, otherwise they are hardly detected by X-ray observations because of the rapid decrease of X-ray luminosity with decreasing Eddington ratio. Therefore, our blazar GLF should be considered as that for high-Eddington-ratio AGNs, and lowEddington-ratio AGNs in the RIAF regime could be missed in our analysis. Such a low-Eddington-ratio population might have a significant contribution to blazar GLF, because we ex- pect P k ∝ṁ in contrast to L X ∝ṁ 2 in the RIAF mode. However, the black hole mass function predicted by time integration of X-ray AGN LF is consistent with the local black hole mass function inferred from the black-hole-mass versus bulge-mass relation, indicating that black hole mass grows mainly in the high Eddington ratio phase (e.g., Marconi et al. 2004) . If this is correct, cosmic background radiation from jet activities should also be dominated by AGNs in high Eddington ratio phase. Hence, it is reasonable to expect that a significant part of EGRB flux can be accounted for by blazars with high Eddington ratio phase, whose GLF evolution is described by LDDE.
Model Formulations
In this paper we describe the blazar GLF in terms of νL ν luminosity at a reference rest-frame photon energy
, where h p is the Planck constant. According to the assumption justified in §3.1, we simply relate the bolometric blazar luminosity P and disk X-ray luminosity by the parameter q, as:
Here, we define the disk luminosity L X to be that in the restframe 2-10 and 0.5-2 keV bands for the hard XLF (U03) and the soft XLF (H05), respectively. Thus, L γ and L X have been related through P.
where ρ γ and ρ X are the comoving number densities per unit gamma-ray and X-ray luminosity, respectively. The parameter κ is a normalization factor, representing the fraction of AGNs observed as blazars. In our GLF model, we adopt the same form in U03 and H05 for ρ X , as:
where ρ X (L X , 0) is the AGN XLF at present. This is characterized by the faint-end slope index γ 1 , the bright-end slope index γ 2 , and the break luminosity L * X , as:
where A X is the normalization parameter 5 having a dimension of volume −1 . The function f (L X , z) describes the density evolution, which is given by the following forms:
where z c is the redshift of evolutionary peak, given as
The evolutionary indices p 1 and p 2 are described by using the parameters p * 1 , p * 2 , β 1 , and β 2 :
The parameters obtained by the fit to the observed data of Xray AGNs in U03 and H05 are shown in Table. 1. When we calculate the EGRB flux, it diverges if γ 1 > 1 and GLF is integrated down to L γ → 0. Therefore we set the minimum of the gamma-ray luminosity as L γ,min =10 43 erg s
in the EGRB calculation, because we will find that there is no EGRET blazars below this value (see Fig. 2 ). However, it should be kept in mind that there might be a considerable contribution to the EGRB flux from blazars below L γ,min when γ 1 > 1.
GAMMA-RAY LUMINOSITY FUNCTION DETERMINED BY THE
EGRET BLAZAR DATA
The Maximum Likelihood Method
We use the maximum likelihood method to search for the best-fit model parameters of the blazar GLF to the distributions of the observed quantities of the EGRET blazars (gamma-ray flux and redshift). The analysis method and the data used are essentially the same as those in NT06.
Observed gamma-ray flux F γ of EGRET blazars are photon flux at ǫ γ ≥ ǫ min,obs ≡ 100 MeV in photons cm −2 s −1 , where ǫ min,obs is in the observer's frame. For a given redshift, F γ can be related to P by the blazar SED sequence model as follows:
Since P has been related to the gamma-ray luminosity L γ by the SED sequence, one can calculate L γ (z, F γ ) for a given set of z and F γ through P. A specified GLF model predicts the distribution function d 3 N/dzdF γ dΩ of redshift z, flux F γ , and the location of a blazar in the sky specified by a solid angle Ω, which is given as:
where dV /dz is the comoving volume element per unit solid angle, Θ the step function (Θ(x) = 1 and 0 for x ≥ 0 and x < 0, respectively), and F γ,lim (Ω) the sensitivity limit of EGRET for point sources that is a function of the Galactic latitude. The functional form of F γ,lim (Ω) is given in NT06. The detection efficiency ǫ(F γ , z) represents the identification probability as NOTE. -The best-fit values of the model parameters (q, γ1, κ) obtained from the maximum likelihood analysis. The KS probabilities of the best-fit models are also shown for the redshift and gamma-ray luminosity distributions in the last two rows. a These parameters are fixed at the original AGN XLF values in these analysis, and the original values are shown.
a blazar by finding a radio counterpart. This is described §2.3 in NT06, but here we modified the relation between the radio luminosity L R and L γ from a simple linear relation in NT06 to that predicted from our blazar SED sequence model. As in NT06, we also take into account a log-normal scatter around the mean relation of L R /L γ with a standard deviation of σ p = 0.49 in log 10 (L R /L γ ). It should be noted that the blazar SED sequence is an averaged SED for groups of blazars binned by radio luminosity, and some scatter of L R /L γ is expected for individual blazars.
The likelihood function is given by
where the subscript i is identification number of each blazar, N obs the observed number of blazars, and N exp the expected number of the blazar detections, i.e.,
The likelihood function does not depend on the normalization of GLF, and the normalization parameter κ is determined by requiring N exp = N obs . There are N obs = 46 blazars in the sample analyzed in NT06 and this work.
The Best Fit Parameters
In the first analyses, we take q as the only one free parameter of the blazar GLF, with all the XLF model parameters fixed at the values of U03 and H05. These are hereafter called as U03(q) and H05(q) fits, respectively. In the second analyses, we take the faint-end slope index of XLF γ 1 as another free parameter in addition to q. These are hereafter called as U03(q, γ 1 ) and H05(q, γ 1 ) fits, respectively. The motivation of these models is to investigate the effect of the uncertainty about the faint-end slope, because it may have significant effect on EGRB if γ 1 1. The best-fit values for these four fits are shown in Table. 2. Figure 2 shows the distributions of redshift and gamma-ray luminosity predicted by the best-fit models, in comparison with the EGRET data. We obtained the best-fit values of q ∼ 5, meaning that the observed jet luminosity P (bolometric blazar luminosity) is typically 10 5 higher than the disk X-ray luminosity. In the U03(q, γ 1 ) model, the characteristic AGN X-ray luminosity L * X (the break in XLF) corresponds to the blazar gamma-ray luminosity of L * γ = 10 48 erg s −1 .
We performed the Kolmogorov-Smirnov (KS) test to see the goodness of fits for the best-fit results of each of the four fits, and the chance probabilities of getting the observed KS deviation are shown in Table 2 . Except for the H05(q) model, the fits are statistically acceptable. Since the best KS test value is obtained for the U03(q, γ 1 ) GLF model, we use the U03(q, γ 1 ) GLF model as the baseline below, when only one of the four fits is presented. In Fig. 3 we show the allowed regions of the model parameters in the U03(q, γ 1 ) and H05(q, γ 1 ) models. The best-fit value of γ 1 in the U03(q, γ 1 ) model is in good agreement with the original value derived by U03. The value in the H05(q, γ 1 ) model is slightly larger than the original H05 value, but the statistical significance is not large. The difference between the U03(q, γ 1 ) and H05(q, γ 1 ) fits may be a result of different selections of AGNs in soft (H05) and hard X-ray (U03) bands, because strongly obscured AGNs would more easily be missed in soft X-ray bands than in hard X-ray bands.
It should be noted that the results of the acceptable KS probabilities and the similar γ 1 values to the original XLFs give some support to our basic assumption of a simple proportionality between the X-ray accretion luminosity L X and the jet luminosity P. As mentioned above, X-ray faint AGNs may be in the RIAF mode (low-Eddington ratio) rather than the standard disk mode, and the proportionality between L X and P could be violated. Therefore our results implies that the EGRET data can be described well with the assumption that the majority of EGRET blazars are in the standard disk mode or high Eddington ratio phase. Fermi will probe much fainter blazars than EGRET, and we may see the deviation from the proportionality between L X and P.
THE GAMMA-RAY BACKGROUND SPECTRUM
the EGRB Spectrum Calculation
We calculate the EGRB spectrum by integrating our blazar SED sequence model in the redshift and luminosity space, using the blazar GLF derived in §3. The spectrum of EGRB radiation (photon flux per unit photon energy and per steradian) is calculated as
where ǫ γ is the observed gamma-ray photon energy, t the cosmic time, and dt/dz can be calculated by the Friedmann equation in the standard cosmology. We assume z max = 5 in this calculation, but the EGRB flux is hardly dependent on this parameter, since the peak of GLF/XLF evolution is well below z ∼ 5. The minimum gamma-ray luminosity is set at L γ,min = 10 43 erg s −1 as mentioned earlier. Since EGRET has already resolved bright gamma-ray sources, we should not include those sources in the EGRB calculation. Therefore, the maximum gamma-ray luminosity in the integration should be L γ (F EGRET , z), which is the luminosity of the blazar having a flux F γ = F EGRET at a given z, where F EGRET = 7 × 10 −8 photons cm −2 s −1 is the EGRET sensitivity above 100 MeV. Kneiske et al. 2004; Stecker, Malkan, & Scully 2006) , and τ γγ (z, ǫ γ ) is the optical depth of the universe against this reaction. In this paper, we adopt the model of Totani & Takeuchi (2002) for CIB and τ γγ . The gammaray absorption produces electron-positron pairs, and the pairs would scatter the cosmic microwave background (CMB) radiation to make the secondary contribution (the cascade component) to high energy background radiation (Aharonian et al. 1994; Fan et al. 2004 ). We take into account this cascading emission to calculate EGRB spectrum, considering only the first generation of created pairs, by using the same formulations in Kneiske & Mannheim (2008) . In the following results, we will find that the amount of energy flux absorbed and reprocessed in intergalactic medium (IGM) is only a small fraction of the total EGRB energy flux, and hence the model dependence of CIB or the treatment of the cascading component does not have serious effects on our conclusions in this work. Figure 4 shows the νF ν EGRB spectrum predicted by the best-fit GLF model parameters obtained above. Here, we show the total EGRB flux as well as the contributions from different L γ ranges. This EGRB spectrum is the primary spectrum directly from blazars, because in this calculation the effect of photon absorption in IGM is included but the cascade emission is not. The data of SMM (Watanabe et al. 1999) , COMPTEL (Kappadath et al. 1996) and EGRET (Sreekumar et al. 1998; Strong et al. 2004a ) are also shown. As seen in Figure 4 , the contribution from low-luminosity blazars with log 10 (L γ /erg s −1 ) = 43-45 is significant only above 1 GeV, because of the assumed SED sequence of blazars. The contribution from these low-luminosity blazars is larger in the model of H05(q, γ 1 ) than that of H05(q), because the faintend slope of the GLF becomes steeper when γ 1 is treated as a free parameter.
The EGRB Spectrum from Blazars
An important implication here is that the contribution from the so-called MeV blazars, which have their SED peaks at around MeV, is negligible in the MeV gamma-ray background flux, although such MeV blazars have been suspected as a possible origin of the MeV background. This is because MeV blazars have a large luminosity of log 10 (L γ /erg s −1 ) = 49-50 in the blazar SED sequence, and the number density of such blazars is small. Figure 5 shows the intrinsic (the spectrum without taking into account the absorption by CIB), absorbed (the same as Fig. 4) , and cascading components of EGRB spectrum, as well as the total (absorbed+cascade) spectrum. The absorption by CIB becomes significant at ǫ γ 100 GeV, and the absorbed EGRB photons are converted into lower energy gamma-rays, with the energy flux roughly conserved. However, the absorbed energy flux of EGRB above ∼ 100 GeV is not significantly larger than the unabsorbed energy flux, and hence the increase of EGRB flux or change of the EGRB spectrum at 100 GeV by the cascading component is not a large effect.
The EGRB Spectrum from Non-blazar AGNs
In addition to blazars, we take into account non-blazar AGNs as the source of EGRB. Inoue et al. (2008, hereafter ITU08) has shown that non-blazar AGNs are a promising source of EGRB at ∼1-10 MeV. In this scenario, a nonthermal power-law component extends from hard X-ray to ∼10 MeV band in AGN spectra, because of nonthermal electrons that is assumed to exist ubiquitously in hot coronae around AGN accretion disks. The existence of such nonthermal electrons is theoretically reasonable, because the hot coronae are the essential component in the standard picture of X-ray emission from AGNs, and magnetic reconnection is the promising candidate for the heating source of the hot coronae (Laor & Behar 2008) . Magnetic reconnections should produce nonthermal particles, as is well known in e.g., solar flares or the earth magnetosphere. Although several sources have been proposed as the origin of the MeV background, this model gives the most natural explanation for the observed MeV background spectrum that is a simple power-law smoothly connected to CXB.
Theoretically, there is no particular reason to expect a cutoff of the nonthermal emission around 10 MeV, and it is well possible that this emission extends beyond 10 MeV with the same power index. Then, this component could make some contribution to EGRB in the EGRET energy band. The EGRB spectrum from the non-blazar AGNs calculated based on the model of ITU08 is shown in Figure 6 , in comparison with the blazar component. The model parameters of ITU08 have been determined to explain the EGRB in the MeV band. There is some discrepancy between the MeV EGRB data of SMM and COMPTEL, and the reason for this is not clear. Here we use two model parameter sets of (Γ, γ tr ) = (3.5, 4.4) and (3.8, 4.4) in ITU08, where Γ is the power-law index of nonthermal electron energy distribution and γ tr is the transition electron Lorentz factor above which the nonthermal component becomes dominant. These two parameter sets are chosen so that they fit to the COMPTEL and SMM data, respectively. The EGRB flux is dominated by blazars at the energy range above ∼100 MeV, while the non-blazar component is dominant at the lower photon energies.
On the Origin of EGRB
Now we compare the EGRB data above 100 MeV with our model predictions. Because of the uncertainties in the EGRB measurements, we plotted three types of EGRB EGRET data in this figure (see below for the explanations of the data points). As can be seen in Fig. 6 , the overall background spectrum from X-ray to 1 GeV predicted by our blazar plus non-blazar model is similar to the observed data. Especially, the EGRB prediction using the ITU08 non-blazar background model with Γ = 3.5 is in nice agreement with the observed data of Strong et al. (2004a) in 0.1-1 GeV. In this case, the predicted EGRB flux at 100 MeV can account for 80% of the observed flux, which is a considerably higher fraction than those in previous studies (Chiang & Mukherjee 1998; Mücke & Pohl 2000; NT06) . It should be noted that the contribution to the EGRB flux at 100 MeV from blazars is ∼45 %, which is similar to those estimated by previous studies. The high fraction is due to the addition of the EGRB component from non-blazar AGNs.
The prediction is still 20 % short of the observed flux, and the discrepancy becomes more serious when the model is compared with the Strong et al. (2004a) data above 1 GeV or with the original EGRB determination by the EGRET team (Sreekumar et al. 1998) . Especially, the apparent excess of the observed EGRB flux beyond 1 GeV might be a contribution from a completely different component, e.g., dark matter annihilation (e.g., Oda, Totani, & Nagashima 2005) . Therefore we carefully discuss the possible origin of the discrepancy below.
We should first examine the uncertainties in the model pre- . The four panels are for the four different GLF models of U03(q), U03(q, γ 1 ), H05(q), and H05(q, γ 1 ). The solid curve is for the total EGRB spectrum from all blazars, and the other curves are for a particular range of blazar luminosity, as indicated in the figure (Lγ in units of erg/s). The effect of absorption by CIB is included, while the reprocessed cascade component is not included. The observed data of SMM (Watanabe et al. 1999) , COMPTEL (Kappadath et al. 1996) , and EGRET [Sreekumar et al. 1998 diction. Since the GLF likelihood determination is based only on 46 blazars, there is a statistical uncertainty of 15 and 32% in the normalization of GLF and the EGRB flux at 68 and 95% C.L., respectively. The sensitivity limit of EGRET has been included in the GLF likelihood analysis. The EGRET sensitivity to a point source changes depending on the location in the sky, and we used sensitivity limit inferred from the signal-to-noise ratios of the EGRET sources as a function of the Galactic latitude, as in NT06. The sensitivity limit has a ∼30% scatter even after binned by the Galactic latitude. When the sensitivity limit is changed by ±30%, we find that the GLF normalization and EGRB flux changes by ± ∼25%. Since the faint-end slopes of the (q, γ 1 ) GLF models are γ 1 ∼ 1, the faint-end cut-off luminosity L γ,min of blazar GLF could also be important. We therefore repeated the calculation with L γ,min changed by a factor of 10 from the baseline model, but we find that the EGRB flux changes by only ∼0.8% and ∼1.7% for U03(q, γ 1 ) and H05(q, γ 1 ), respectively. Therefore, our result is not sensitive to L γ,min .
Next we examine the possible systematic uncertainties in the observational determination of EGRB. The correct modeling of the foreground, i.e., the Galactic diffuse emission is critical for the EGRB measurement. However, there is a wellknown problem of "GeV anomaly", which is an excess of the observed diffuse flux compared with the standard theoretical model of the Galactic diffuse emission (Pohl & (Sreekumar et al. 1998 ) is a result of modifying the model of the Galactic diffuse emission to resolve the GeV anomaly, demonstrating that theoretical uncertainties in the Galactic diffuse emission could have a significant effect on the EGRB measurements. On the other hand, Stecker et al. (2008) suggested that the most likely cause of the GeV anomaly is a systematic error in the calibration of the EGRET detector at photon energies beyond 1 GeV, and they derived the correction factors for the flux measured by EGRET. If their claim is correct, the correction factors should be multiplied to the original EGRET measurements of EGRB (Sreekumar et al. 1998) , and such corrected data are shown as S98+S08 in Fig. 6 . Although the overall corrected EGRB flux is still higher than the model predictions, the corrected spectrum is similar to those of models. The marked dip at ∼ GeV and hump at higher photon energies found in the data of Strong et al. (2004a) are not seen. It should also be noted that the EGRET EGRB data at ∼50 MeV is considerably higher than the neighboring COMPTEL data, again indicating some systematic uncertainties in the EGRB flux estimates.
Based on these results and considerations, we conclude that most, and probably all, of the EGRB flux can be explained by blazars and non-blazar AGNs, with luminosity functions that are consistent with the EGRET blazar data and the X-ray AGN surveys. We must await the future Fermi data for a more robust conclusion about this issue.
PREDICTIONS FOR THE FERMI MISSION
Expected Number of Blazars and Non-blazar AGNs
The left panel of Figure 7 shows the cumulative distribution of > 100 MeV photon flux of blazars. The four GLF models of U03(q), U03(q, γ 1 ), H05(q), and H05(q, γ 1 ), predict that about 640, 930, 470, and 1200 blazars should be detected by Fermi, respectively, where we assumed the Fermi sensitivity to be F lim = 2 × 10 −9 photons cm −2 s −1 above 100
MeV. This is a standard sensitivity often used in the literature (e.g., Oh 2001; NT06; Venters & Pavlidou 2007) , and close to ∼ 5σ limit for a point source at high Galactic latitude after a 1 year survey. See also the official Science Requirement Document of Fermi available at http://fermi.gsfc.nasa.gov/science/ for the Fermi performance. Here, we calculated simply all the blazars without taking into account the probability of identification by follow-up observations in other wavebands. This is why the number of bright blazars is larger than the EGRET observation in Fig. 7 ; we have taken into account the probability of blazar identification by detecting a radio counterpart in the likelihood analysis of the EGRET blazars. The model of Stecker & Salamon (1996) , and the PLE and LDDE models in Narumoto & Totani (2006) predicted ∼10000, 5400, and 3000 blazars for the same sensitivity limit, respectively. It is remarkable that the GLF models in this work predict significantly smaller numbers of blazars than previous studies. This is probably because of the SED model newly used here; the IC component has its broad SED peak at around 100 MeV, and the flux at lower and higher energy band is relatively lower than the case of power-law SED, because of the curvature of the spectrum. The right panel of Figure 7 shows the differential flux distribution of gamma-ray blazars multiplied by flux, showing the contribution to the EGRB per unit logarithmic flux interval. From this plot one can estimate how much fraction of EGRB will be resolved by the Fermi mission. The peak of the contribution to EGRB occurs at a flux much brighter than the Fermi limit, meaning that EGRB from blazars should practically be resolved into discrete sources. We find that the fraction of EGRB flux that should be resolved is 99, 98, 100, and 100% against the total blazar EGRB flux in the four GLF models of U03(q), U03(q, γ 1 ), H05(q), and H05(q, γ 1 ), respectively. However, as seen in Fig. 6 , there is a considerable contribution from non-blazar AGNs to the EGRB flux at 100 MeV, and our next interest is how much fraction of EGRB from non-blazars will be resolved by Fermi.
The left panel of Figure 8 shows the cumulative flux distribution of blazars in the U03(q, γ 1 ) model, non-blazar AGNs, and the total of the two. The expected number of non-blazar AGNs detectable by EGRET is much smaller than unity in all sky, and it is consistent with the fact that almost all extragalactic gamma-ray sources detected by EGRET are blazars. However, about 1-30 non-blazar AGNs would be detected by Fermi, by their soft nonthermal emission from nonthermal electrons in coronae of accretion disks, giving an interesting test for our model. In fact, we can estimate the > 100 MeV gamma-ray flux from the observed hard X-ray flux of NGC 4151 (the brightest Seyfert galaxy in all sky, Sazonov et al. 2007 ) using the ITU08 model, and it becomes ∼ 3.3 × 10 −8 and 4.1 × 10 −9 photons cm −2 s −1 for Γ = 3.5 and 3.8, respectively. Therefore NGC 4151 is marginally detectable when Γ = 3.8, and easily detectable with Γ = 3.5, which are nicely consistent with the predicted source counts of non-blazar AGNs detectable by Fermi.
On the other hand, the right panel of Figure 8 indicates that EGRB from non-blazar AGNs is hardly resolved into discrete sources by Fermi. The predicted fraction of non-blazar EGRB flux resolved by Fermi is 0.03 and 0.004 % for the models with Γ = 3.5 and 3.8, respectively, against the total non-blazar EGRB flux. These results are in sharp contrast to those for blazars, although the contributions to the total EGRB by the two populations are comparable at around 100 MeV. This is because of a large difference between typical absolute lumi- figure) . The observed data of HEAO-1 (Gruber et al. 1999) and Swift/BAT (Ajello et al. 2008 ) are shown. We also plot a new EGRET data denoted as "S98+S08", which is the original EGRET determination of Sreekumar et al. (1998) corrected by the correction factors proposed by Stecker et al. (2008, S08) . The other data are the same as those in Fig. 4 . nosities of blazars and non-blazar AGNs. The typical luminosity at 100 MeV of blazars and non-blazars is νL ν = 10 48.0 and 10 42.5 erg/s, which are corresponding to L * X in the AGN XLF. If the evolution is similar for the two population, the characteristic redshift or distance to the sources having main contribution to EGRB should be similar. Therefore, a source population with smaller characteristic luminosity is more difficult to resolve into discrete sources when the flux sensitivity is fixed.
The above results mean that a considerable part of EGRB at around 100 MeV will remain unresolved even with the Fermi sensitivity, because there is a considerable contribution from non-blazar AGNs to EGRB at ∼100 MeV. However, the contribution from non-blazars should rapidly decrease with increasing photon energy, and almost all of the total EGRB flux at 1 GeV should be resolved into discrete blazars by Fermi, if there is no significant source contributing to EGRB other than blazars. It should be noted that these predictions can be tested by Fermi relatively easily, without follow-up or cross check at other wavebands, once measurements of source counts and EGRB flux have been done by the Fermi data. Therefore this gives a simple and clear test for the theoretical model presented here. Figure 9 shows the redshift and luminosity distributions of blazars that will be detected by Fermi, where we have again set the Fermi sensitivity limit as F lim = 2 × 10 −9 photons cm −2 s −1 above 100 MeV. Since we normalized the total number of detectable blazars, only the shapes of distribution should be compared.
Redshift and Luminosity Distribution
Fermi will detect much fainter blazars than EGRET did. Since γ 1 > 1, the H05(q, γ 1 ) model predicts more faint blazars than other models. The redshift distribution of EGRET blazars has already extended to cosmologically significant range of z 1, and the normalized distribution does not significantly change by the Fermi sensitivity. However, the absolute number of high-z blazars will be increased, because the total number of blazars will drastically be increased by Fermi from that of EGRET blazars.
There are some differences in the predictions by the four different GLF models. Since the Fermi will dramatically increase the statistics by a large number of detected blazars, a detailed comparison between the GLF models and the Fermi data will provide us a quantitative view of the evolutionary nature of blazar GLF, once the redshifts of Fermi blazars are measured. The comparison between the blazar GLF and other AGN LFs in different wavebands (e.g., X-ray, optical, and radio) will give us important information about the jet activity evolution of AGNs, in comparison with the mass accretion history onto SMBH that can be probed by disk luminosity function.
7. DISCUSSION 
Comparison with previous studies
There are four important points in the modeling of the blazar GLF. They are (1) the treatment of blazar population (e.g., BL Lac/FSRQ separation), (2) modeling of blazar SED, (3) the functional form of the GLF and its cosmological evolution, and (4) observational inputs to determine the GLF parameters. Here we compare our model with those of previous studies about these points. Our results about the expected number of Fermi blazars (∼1000 blazars to the sensitivity limit of F lim = 2 × 10 −9 photons cm −2 s −1 above 100 MeV) and EGRB (∼ 45% contribution by blazars at 100 MeV) will also be compared with those of the previous studies.
Stecker & Salamon (1996; hereafter SS96) treated the blazar as a single population, with a single power-law SED. They used the blazar radio luminosity function of Dunlop & Peacock (1990) with pure luminosity evolution (PLE) as the blazar GLF model. The gamma-ray/radio flux ratio was estimated by those of typical blazars, and their blazar GLF was not statistically compared with the EGRET blazar data of flux and redshift distribution. They found that blazars can explain 100% of EGRB, and ∼10000 blazars are expected to be detected by Fermi. NT06 used a single power-law with the same index both for BL Lacs and FSRQs. The G06 curve (the same for BL Lac and FSRQ) is the SED with the synchrotron peak of νsyn = 10 13.8 Hz used in their study. D07 used single power-law SEDs but with different indices for BL Lacs and FSRQs. The KM08 curve is the case 3 SED used as a model of HBL SED. The normalizations of these SEDs are from the original models for MP00 and D07, and otherwise they are fixed at Lγ = 10 44.5 and 10 46.6 ergs −1 for BL Lac and FSRQ, respectively, where Lγ is νLν at 100 MeV. Chiang & Mukherjee (1998; hereafter CM98) treated the blazar as a single population, with a single power-law SED. CM98 assumed a single power-law with a cut-off luminosity L min for the luminosity distribution of GLF, and adopted PLE for evolution. In such a modeling, the faint-end slope is difficult to estimate accurately, and hence the uncertainty about EGRB flux becomes large. They constrained the blazar GLF parameters from a statistical comparison with the EGRET blazar data. They found that blazars can explain only 25% of EGRB. Mücke & Pohl (2000;  hereafter MP00) treated BL Lacs and FSRQs separately. They used a theoretical model of the blazar SED of Dermer & Schlickeiser (1993) , and their GLF model is described in terms of the distribution of electron energy injection. The energy injection distribution is modeled according to the radio luminosity function of Fanaroff-Riley (FR) I and II galaxies of Urry et al. (1991) and Padovani & Urry (1992) for BL Lacs and FSRQs, respectively. These LFs assume PLE. The GLF model parameters are then determined by the flux and redshift distributions of EGRET blazars. They found that blazars can explain 20-80% of the EGRB depending on the model parameters. Narumoto & Totani (2006; hereafter NT06) treated the blazar as a single population, with a single power-law SED. They examined both the PLE and LDDE model for GLE evolution, which are based on the radio LF of blazars and XLF of AGNs, respectively. The GLF model parameters are determined by the fits to the flux and redshift distributions of EGRET blazars. They found that LDDE model fits to EGRET data better than the PLE model. They found that blazars can explain 25-50% of the EGRB, and ∼3000 blazars are expected to be detected by Fermi. Giommi et al. (2006; hereafter G06) estimated EGRB flux and spectrum based on the radio luminosity function of blazars. They first calculated the cosmic radio background intensity, and then converted it to the EGRB spectrum by using a typical SSC SED model. Therefore, their model is not a GLF model for individual blazars, and not compared statistically with the EGRET data of blazar flux and redshift distribution. Their model overproduced the observed EGRB spectrum.
Dermer (2007; hereafter D07) treated BL Lac and FSRQ separately, using single power-law SEDs for the two populations with different spectral indices. The variation of the absolute luminosity was not considered within these populations, with the single luminosity of L γ = 2.5 × 10 44 erg s −1
and 10 46 erg s −1 for BL Lacs and FSRQs, respectively. Therefore, this is not a model of GLF, but D07 rather considered various models of number density evolution, and the model parameters of the number density evolution are constrained by the redshift and flux distribution of EGRET blazars. They found that blazars can account for 12-19% of EGRB at 1 GeV, and their model predicts ∼ 1000 blazars detectable by Fermi, which is close to our result by a very different approach. Kneiske & Mannheim (2008; hereafter KM08) considered the contribution to EBL from high energy cutoff BL Lacs (HBLs). The spectrum was assumed to be a broken power-law with the peak energy around 1 TeV for HBLs. They employed the XLF of HBL which shows no evolution (Beckmann et al. 2003) , and a statistical comparison with the EGRET blazar data was not made. They found that blazars can explain ∼80% of EGRB by including cascading emission (see also §7.2). For comparison, we show the SEDs of our model corresponding to the typical luminosities of BL Lacs (L γ ∼ 10 44.5 erg s −1 ) and FSRQs (L γ ∼ 10 46.6 erg s −1 ), as well as those used in previous studies, in Fig. 10 .
It should be noted that, in the studies that constrained the blazar GLF parameters by a statistical comparison with the EGRET data, only CM98, NT06, and this work take into account the probability of identification of gamma-ray blazars by finding radio counterparts. CM98 assumed that there is no correlation between gamma-ray and radio luminosities of blazars. The assumption of no correlation at all over a wide range of gamma-ray and radio luminosities induces some inconsistencies (see discussion in Stecker & Salamon 2001) , and it is physically reasonable to expect some level of correlation between the two from the viewpoint of the standard synchrotron and inverse Compton emission model of blazars. In NT06 and this work, we introduced this correlation with a log-normal scatter in the gamma/radio flux ratio, which is consistent with the observation.
Cascade of Very High Energy Gamma-Rays and EGRB
KM08 estimated that HBL would account for ∼20% of the EGRB by cascading emission produced by absorption of very high energy gamma-rays in IGM. However, in our estimation the cascade emission would not significantly contribute to EGRB (see Fig.5 ), and the reason for this discrepancy is as follows. In KM08, the minimum and maximum luminosities of HBL are set as L min = 10 43 erg s −1 and L max = 10 47 erg s −1 , respectively (in νL ν at 0.3 TeV). Their SED model is a broken-power law, which is independent of luminosity and obtained from fitting to the TeV observations of Mkn421, PKS2005-489, and PKS2155-304. However the luminosities of these three at 0.3 TeV are about 10 44 erg s −1 , which is relatively low in the range of HBL luminosity assumed by KM08. The use of the same SED up to L max = 10 47 erg s −1 may overpredict the flux in very high energy band, compared with the case of the SED sequence. Therefore we conclude that the contribution to EGRB from the cascading component is not significant provided that the SED sequence is valid.
Effects of Flaring Activities
It is well known that blazars show flaring activities. For example, TeV Cherenkov telescopes H.E.S.S. and MAGIC have recently observed minute-scale variability in TeV ranges (Aharonian et al. 2007; Albert et al. 2007 ). The origin of such variability has been discussed in many papers (Begelman et al. 2008; Ghisellini & Tavecchio 2008a; Katarzyński et al. 2008; Mastichiadis & Moraitis 2008; Giannios et al. 2009 ), but it is still rather uncertain. Therefore it is difficult to model the flaring activity quantitatively and incorporate in our analysis. We used the time-averaged gamma-ray flux of blazars in the third EGRET catalog, which is the mean of several viewing periods during the total EGRET observation period (see §2.1 of NT06 for more details). Typical duration of one viewing period is 2-3 weeks, and flaring activities within this scale have already been taken into account. Flaring activities that might have happened at epochs out of the viewing periods are not taken into account, but still the flaring effect should have been incorporated to some extent by the use of time averaged flux. More observational information about blazar flares (light curves and frequency, etc.) is required to examine this issue in more detail, and future Fermi data will be useful.
CONCLUSIONS
In this paper, we constructed a new model of the blazar gamma-ray luminosity function (GLF), taking into account the blazar SED sequence and the LDDE luminosity function inferred from X-ray observations of AGNs. An implicit assumption here is that the jet activity of AGNs is associated with the accretion activity, and hence the blazar luminosity function has a similar evolution to that of X-ray AGNs. The GLF model parameters are constrained by carefully fitting to the observed flux and redshift distribution of the EGRET blazars. By this model, for the first time, we can predict the spectrum of the extragalactic gamma-ray background (EGRB) in a non-trivial way, rather than assuming a simple functional form such as power-law spectra.
The absorption of gamma-rays in IGM by interaction with the cosmic infrared background (CIB), and the reprocessed cascade emission from electrons/positrons produced in IGM are also taken into account in the EGRB calculation. We found that, provided that the blazar SED sequence is valid, the amount of EGRB energy flux absorbed by CIB interaction (at photon energy 10 GeV) is not large and the EGRB spectrum at lower photon energy bands is not significantly affected by the secondary cascade emission.
The contribution from non-blazar AGNs to EGRB is also considered, by using the nonthermal coronal electron model of Inoue et al. (2008) . This model is a natural extension of the standard X-ray spectral model of AGN emission from the disk and corona region, and predicts the nonthermal emission extending from MeV to higher energy band with a steep powerlaw. This model gives a natural explanation for the observed cosmic MeV background, and we examined whether X-ray to GeV gamma-ray background radiation can be accounted for by the two population model including blazars and non-blazar AGNs.
Our model predicts that the EGRB flux from blazars at 100 MeV is only about 45 % of the observed EGRB flux of Strong et al. (2004a) . However, it is possible to account for more than 80% of the observed EGRB flux by the sum of blazars and non-blazar AGNs. The predicted spectrum is also in good agreement with the observed data from X-ray to ∼1 GeV, indicating that the EGRB below 1 GeV can mostly be explained by our two population model. The two components have a comparable contribution to EGRB at ∼100 MeV, and the blazar component is dominant at the higher energy range while the non-blazar component at the lower. Therefore, the higher EGRB flux at 100 MeV found by this work than many of previous studies is not by change in the EGRB flux from blazars, but by adding non-blazar AGNs.
The EGRB spectrum of Strong et al. (2004a) shows a hump beyond 3 GeV, which cannot be explained by our model. The EGRB flux determined originally by the EGRET team (Sreekumar et al. 1998 ) is higher than our model, and the observed spectrum is harder. However, measurements of EGRB suffer from the uncertainties in the theoretical modeling of the foreground diffuse Galactic emission, and perhaps from systematic errors in the calibration of the EGRET detector above 1 GeV (Stecker et al. 2008) . We must await the Fermi data to examine these issues and whether an additional, completely different source is necessary to explain all of EGRB. We conclude that most (at least more than 50%), and probably all, of the observed high-energy background radiation from X-ray to 1 GeV spanning 6 orders of magnitude in photon energy can be accounted for by AGNs including blazars.
We predicted the flux distribution of blazars by our model, and we found that 600-1200 blazars in all sky should be detected by Fermi, assuming a sensitivity limit of F lim = 2 × 10 −9 photons cm −2 s −1 above 100 MeV. This number is significantly lower than the predictions by many of the previous studies. The expected number of the non-blazar AGNs at 100 MeV band is much smaller than unity in all sky at the EGRET sensitivity, but about 1-30 of such population are expected be detected by Fermi. Fermi should resolve almost all of the EGRB flux from blazars into discrete blazars, with percentages of 99%. On the other hand, less than 0.1% of the EGRB flux from non-blazar AGNs can be resolved into discrete sources. Therefore, we have a clear prediction: Fermi will resolve almost all of the EGRB flux into discrete sources at photon energies 1 GeV where blazars are dominant, while a significant fraction of the EGRB flux will remain unresolved in the low energy band of 100 MeV where non-blazar AGNs have a significant contribution. This prediction can easily be tested, only with the source counts and the EGRB estimates by Fermi data.
We also predicted the redshift and absolute luminosity distributions for the Fermi blazars. Future Fermi data set with measured redshifts will enable us to get a quantitative measurement of the blazar GLF and its evolution with a much larger statistics than EGRET. A direct comparison between blazar GLF and X-ray AGN LF could be done, making it possible to discuss the relation between the cosmic histories of jet activity and accretion activity of AGNs. Our model will be able to serve as a guide in such studies. For example, if the jet luminosity is proportional to the mass accretion rate, we expect a larger jet/disk ratio than assumed in this work for AGNs with low Eddington ratio, because X-ray luminosity scales as ∝ṁ 2 in the RIAF regime. Then, we may expect a different behavior of blazar GLF from that of AGN XLF at faint luminosity range. Such an evidence is already seen from our fit to the EGRET data (see Fig. 2) , and it will be tested more quantitatively by the Fermi data soon.
